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Abstract: On October 30, 2020, a strong earthquake (Mw6.6–7.0) occurred offshore, just north of Samos Island, causing life losses,
injuries and damages, especially on the Turkish side. The broader area is characterized by a complex geodynamic setting with both rich
seismic history and numerous active faults of different direction and kinematics. The first aim of this study is to define the seismic source
of the mainshock, based on seismological and geodetic data (GPS measurements and originally processed GNSS records), as well as our
field observations on Samos Island few days after the mainshock. The integration of this information leads to a N-dipping normal fault
(Kaystrios fault) that controls the central-northern coast of Samos Island. We modelled the seismic source and calculated the theoretical
dislocation (using the Okada formulae) on the surrounding GPS/GNSS stations, comparing it with the measured values. The results are
very encouraging, especially on the station installed on Samos Island, giving confidence to our source model. We then used our seismic
source to study the spatiotemporal evolution of the aftershock sequence by exploiting published seismological data (focal mechanisms
and two seismic catalogues, one of which with relocated hypocentres) and our calculated Coulomb static stress changes caused by the
mainshock. This comparison suggests that more faults than the Kaystrios fault were involved in the aftershock sequence. In order to
investigate possible triggering and/or delay scenarios of the mainshock on nearby faults, the Coulomb stress changes are also studied
showing various results according to each receiver fault.
Key words: 2020 Samos seismic sequence, seismotectonics, fault modelling, dislocation, Coulomb stress changes, Aegean

1. Introduction
A strong and destructive earthquake occurred on
October 30, 2020 (11:51 UTC) in the eastern part of
Aegean Sea region, between Samos Island (Greece) and
the western coastal area of Turkey, while the epicentre
is located within Kuşadası Bay. According to several
research centres, the earthquake was rather shallow
(approximately 10 km) with a magnitude (Mw) ranging
between 6.6 and 7.0 and was followed by a significant
tsunami that hit Samos and other Eastern Aegean Sea
Greek Islands (Triantafyllou et al., 2021). Primary the
mainshock, and secondary the aftershock sequence,
caused extensive damages and human losses especially
in the broader İzmir (Smyrna) region where hundreds
of deaths were recorded; on Samos Island, two students
were killed and damages were much more limited. The
financial and social consequences of this seismic event
are still under evaluation.

This event took place in a geodynamically and
tectonically complex area, while the seismic source lies
offshore, preventing any direct observation. Although the
various first published focal mechanisms suggest E-Wstriking normal faulting, with only this information it is
hard to decide whether the fault plane dips to the north or
south. The aftershock sequence evolution can reveal many
aspects of the tectonic setting in the epicentral area, while
the recorded GPS dislocations on stations installed in the
broader area can contribute to the identification of the
source parameters. Not only can the modelling of the source
help us better comprehend qualitatively the mechanism
which produced the mainshock, but also to develop stress
transfer scenarios in order to (i) examine whether other
nearby structures participated in the aftershock evolution,
and (ii) study the stress changes on the numerous faults
that have been recognised in the broader area. Our source
modelling is based on published seismological data, GPS
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measurements with specific process of permanent GNSS
data, and original field observations of ground deformation
phenomena on Samos Island.
2. Geodynamic and tectonic setting
2.1. The broader Aegean region
The Aegean–West Anatolia region constitutes one of the
most tectonically active regions globally, characterized by
the westward tectonic escape of the Aegean microplate
as the Anatolian pushes towards the west. Aegean’s
microplate motion occurs along two major lithosphericscale structures: the Hellenic Arc and Subduction zone
(HAS), and the westward prolongation of the North
Anatolian Fault (NAF) in the Aegean Sea. The HAS
represents the Nubian-Aegean plate convergence which
causes the Nubian plate to subduct under the Aegean,
a process started in the Late Cretaceous (e.g., Jolivet et
al., 2003; 2013; Van Hinsbergen et al., 2005; Brun and
Faccena, 2008; Jolivet and Brun, 2010) and continuing
until today with the southward retreat and roll-back of the
subducting slab which leaves room for crustal extension
and volcanism in the back-arc area, with increased velocity
since Miocene (e.g., Jolivet et al., 2013; 2018; Schmid et al.,
2020; and references therein). On the other hand, other
authors (e.g., Le Pichon and Angelier 1979; Kokkalas
et al., 2006; Searle and Lamont 2021) suggest that the
Hellenic subduction zone was likely formed no earlier
than the early Miocene. During the above process and
due to the westward motion of the Anatolian microplate,
the NAF appeared in the Late Miocene and extended
even westwards in the North Aegean Sea in two strands:
the northern one, consisting of the North Aegean Trough
(NAT) to the east and the North Aegean Basin (NAB)
to the west, and the southern one forming the Central
Aegean Trough (CAT, aka Skyros Basin/Trough) (e.g.,
Maley and Johnson, 1971; Barka, 1992). The tectonic
activity of these structures is expressed by the numerous
recorded (instrumentally or historically) strong seismic
occurrences, causing destructive consequences.
2.2. The western Anatolia
The geodynamic complexity of the study area is evident
by the regional focal mechanisms (e.g., Eyidoğan, 1988;
Kiratzi and Louvari, 2003; RCMT catalogue, Pondrelli et
al., 2011), which reveal normal, strike-slip and transitional
oblique-slip kinematics. The direction of extension (T-axis)
has a dominating NNE-SSW azimuth with some events
showing a roughly N-S azimuth. GPS measurements
(e.g., Nyst and Thatcher, 2004; Aktug et al., 2009; Çırmık
et al., 2017), as well as palaeomagnetic surveys (e.g., van
Hinsbergen et al., 2010; Uzel et al., 2017), suggest that the
wider İzmir area is shifted approximately 25 mm/a in a
SSW direction, according to a stable Eurasia. GPS-based
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strain pattern estimations for the broader Aegean (e.g.,
Floyd et al., 2010; England et al., 2016) suggest that in
our study area extension prevails in a roughly NNE-SSW
direction, whereas contraction is almost negligible.
The broader epicentral area is characterized by two
major fault systems based on geometry and kinematics,
both compatible with the regional extensional field:
normal E-W-striking and shear NE-SW-striking faults.
The normal E-W-striking fault system is responsible
for the great E-W-trending tectonically controlled valleys
in Western Turkey, such as the Büyük Menderes, Küçük
Menderes and Gediz. These valleys are considered to have
been formed by either extensional graben-style high-angle
normal faults (e.g., Cohen et al., 1995; Hakyemez et al.,
1999; Bozkurt and Sözbilir, 2004), or detachment faults
(supradetachment basins) due to the exhumation of the
Menderes Metamorphic Core Complex (MMCC; e.g.,
Dilek et al., 2009; Jolivet et al., 2013). This type of faulting
continues westwards in the Aegean Sea and is likely
affecting Samos Island.
Shear faulting with NE-SW orientation also dominates
the broader Karaburun area also leaving its imprint on
the relief by forming rhomboidal basins in combination
with the E-W normal faults. Various theories exist for
the formation of these basins (summarized by Bozkurt,
2003; Erkül et al., 2005). According to some authors (e.g.,
Okay et al., 1991; Ring et al., 1999; 2017; Uzel et al., 2013;
Westerweel et al., 2020), in the broader epicentral area, the
major NE-SW-striking fault zones (Priene-Sazlı, Sığacık,
and Tuzla; Figure 1c) are part of a wide transfer zone
(characterized as “wrench corridor” by Ring et al., 1999),
known as the İzmir-Balıkesir Transfer Zone (İBTZ), which
is the result of differential extension between the Aegean
and Menderes Massif that started in the early Miocene
(e.g., Ring et al., 2017). In similar orientation, but possibly
with less pure strike-slip kinematics, is the Fourni (aka
Karlovasi-Fourni) Fault Zone, just west of Samos and
Fourni islands coastline.
The area of Samos Island is also marked by faults of
both kinds of orientation. Two E-W-striking fault zones
have been recognized: the Kaystrios Fault Zone is an
offshore active tectonic structure that runs along and
controls the northern coastline of the island (Pavlides et
al., 2009; Sboras, 2011; Chatzipetros et al., 2013; Caputo
and Pavlides, 2013). On April 2, 1996 a moderate (Mw5.3)
earthquake occurred very near to the fault with quasipure normal, E-W-striking focal mechanism (Kiratzi and
Louvari, 2003; Figure 1b). The microseismic investigation
of Tan et al. (2014) revealed a cluster offshore of the central
northern coast with a spatial distribution that depicts a
N-dipping fault. This fault is also the candidate fault of the
2020 mainshock. The Pythagorio Fault Zone is the second
E-W-striking normal tectonic structure that crosses the
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Figure 1. (a) Historic and instrumental seismicity by combining the catalogues of Papazachos and Papazachou (2003), for the period
between 550 BC - 1964 AD, and IG-NOA for the period 1964 – Today. Yellow star is the epicentre of the October 30, 2020 Samos event
(KOERI) and dark lines the major faults by GreDaSS. Yellow star and dark lines same as (a). (b) Focal mechanisms after the catalogues of
Kiratzi and Louvari (2003) with black beachballs and RCMT with red beachballs. Beachball size is analogue to magnitude. (c) The 2020
sequence of the October 30, 2020 earthquake of Samos until November 30 (KOERI seismic catalogue). Moment tensor solutions are
from KOERI moment tensor catalogue for the mainshock (yellow) and Altunel and Pinar (2021) (blue). (d) Relocated events of Samos
2020 sequence (data from Cetin et al., 2020).

central part of the island from east to west (Mountrakis
et al., 2003; Chatzipetros et al., 2013; Caputo and Pavlides,
2013). This fault zone consists of two major segments, the
Pythagorio Fault to the east and the Kerketeas Fault to the
west; nevertheless, both fault segments could be probably
breached.

2.3. Samos Island
Samos is a mountainous island dominated by three
mountains; the western Kerketeas Mt (1434 m), the
Ampelos Mt (1153 m) in the central part and the low
mountainous area of the eastern part. It consists of
alpidic high-pressure metamorphic rocks, ophiolites and
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limestone, postalpidic Miocene-Pliocene sediments and
Tertiary volcanic rocks. Neogene-Quaternary basins have
been formed on the metamorphic basement and filed
with lacustrine and fluviatile sediments (Theodoropoulos,
1979a, b). The basins were initially formed by late alpidic
low-angle detachments when the exhumation of the
Kerketeas tectonic window appeared (Ring et al., 1999;
Kumerics et al., 2005). Boronkay and Doutsos (1994) and
Kokkalas et al. (2006) had a different opinion suggesting
that the mountainous area of Samos was uplifted from
steep right-lateral shear zones with thrust component
due to transpressional regime which was active during
the Miocene and ended 7 Ma ago; this stage was followed
by transtension, affecting only the northern parts of the
basins, which gradually turned into the broader backarc extension. Neotectonic normal faults control the
geomorphology of Samos Island, as they deform a complex
Quaternary horst block in the eastern Aegean Sea. Some
important strike-slip faults trending NE-SW to ENE-WSE
with right-lateral sense of movement, while the NW-SE
to NNW-SSE are left-lateral. (Mountrakis et al., 2003;
Chatzipetros et al., 2013; Caputo and Pavlides, 2013; Ring
et al., 2017).
The most significant on land active faults are: The
Pythagorion normal fault segment with its westward
prolongation, i.e. the Marathokambos segment, moderately
dipping toward SSW, running the central part of the island
form the eastern to the western coast, affecting Pliocene
sediments, while the recent reactivations of the fault affect
the tectonic breccia of Late Pleistocene age. The Karlovasi
oblique-slip fault, part of the larger Karlovasi-Fourni zone
that continues offshore, trend NE-SW, dip 75°/NW, right
lateral strike-slip with normal component, has a detectable
12 km length along the NW coast of the island and
presents some very impressive, polished slickensides on
the metamorphic rocks. It is characterized by steep scarp
slopes and Pleistocene fault scree, which have been affected
by younger (recent) reactivations of the fault. Its recent
activity is also proved by recent seismological data, that
is the distribution of low magnitude earthquakes offshore,
as well as by the seismic activity in 2005 near the Turkish
coast in a parallel direction to the fault (Mountrakis et al.,
2003).
The Kokkari-Vathy fault (trend WNW-ESE, dip 50°/
NNE, normal) in the northeastern coastal part of the
island, caused an impressively tilting (almost vertical) of
the Pliocene marly limestone. Such geological evidence
suggest that the fault WNW-ESE trending and the E-W
westward prolongation is an active structure parallel to
the offshore seismogenic one of the latest earthquake.
The offshore North Samos fault, called Kaystrios fault,
is a rather longer structure, possibly extending north of
Ikaria Island as inferred from the linear coastline and the
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extremely steep seafloor NW of the islands, which forms a
submarine depression at more than 1000 m depth (Figure
1c). It is believed to be a longer than 25 km long WNW–
ENE striking fault, dipping to the NNW (Chatzipetros et
al., 2013; Caputo and Pavlides, 2013).
The 1992 seismic events, north of Samos, are associated
with a right lateral, strike-slip, which is possibly related
to the corresponding NE-SW strike-slip fault, identified
in the field in the NW edge of Samos (Karlovasi-Fourni
fault). The dominant E-W trending faults correspond to
the western termination of a large rupture zone which
also has an E-W direction and extends further inland for
several tens of kilometres.
3. Prior seismicity
Samos broader region has a long seismic history, including
several tens of strong earthquakes (M ≥ 6.0) and three
major ones (M ≥ 7.0) (Figures 1a and 1b). Ten events have
damaged the island during 19th and 20th centuries with
six of them occurring as a seismic cluster between 1865
and 1904. The oldest event (496 BC, M 6.0) of the wider
area occurred in the offshore area between Chios Island
(Greece) and Çeşme (Turkey). According to Papazachos
and Papazachou (2003) the strongest event occurred in
1653 in the wider Aydin region (east of Izmir) (Figure
1a); Ambraseys and Jackson (1998), however, place this
earthquake far more to the east. This earthquake killed
approximately 2500 people (Papazachos and Papazachou,
2003; Ambraseys, 2009). A recent seismic event also worth
mentioning is the Söke earthquake (1955, M 6.9), causing
the death of 25 people.
The October 2005 seismic sequence (three mainshocks:
October 17, Mw5.4 and Mw5.8; October 20, Mw5.9) that
occurred in the Sığacık bay revealed the existence of
the NE-SW-striking sinistral strike-slip Sığacık fault
(Benetatos et al., 2006; Aktar et al., 2007).
4. The 2020 seismic sequence
4.1. Seismological information
The October 30, 2020 mainshock (Mw6.9–7.0) occurred ca.
10 km north of Samos Island at a depth of 13.1 km (KOERI
catalogue) or 8.2 km according to the relocation by the
Seismological Laboratory of the National and Kapodistrian
University of Athens (SL-NKUA) (Cetin et al., 2020). All
published focal mechanisms suggest E-W-striking pure
normal faulting. Based on the KOERI seismic catalogue,
the aftershock sequence is characterized by 2 events of ML
≥ 5.0 (ML5.2 few hours after the mainshock and ML5.0 on
the next day) and 54 events of 4.0 ≤ ML < 5.0 in the next
one week. The focal mechanisms according to Altunel and
Pinar (2021) for the strongest events of the sequence also
reveal normal faulting with strike ranging from E-W to
ENE-WSW (Figure 1c).
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The spatiotemporal evolution of the sequence (Figure
2; KOERI seismic catalogue) shows a great concentration
of hypocentres (cluster A) in the epicentral area of the
mainshock. At the same time, a much smaller one is
observed (cluster B) west of cluster A with a quasidistinctive gap in-between. This cluster (B) persists on
showing during all time periods, while the gap from
cluster A started to fill in since the next day (October 31).
Since October 31, a cluster (cluster C) hesitantly started to
develop immediately SE of the epicentral cluster A which
afterwards was rather enriched and expanded. During the
period November 3–10, a poor, less concentrated cluster
(cluster D) appears even further to the west, north of
Ikaria Island, and just a few hypocentres also occurred
immediately south of the Chios-Çeşme fault. These two
occasions also continued in the next period (November
11–20), with cluster D significantly diminishing. During

the same period of November 3–10, the gap between
clusters A and B is indistinctive. A diachronic gradual
extension of cluster A toward the NE is also observed. The
maximum depth of the sequence reached ca. 36 km.
Similar situation is depicted, more clearly, by the
spatiotemporal analysis of the 989 relocated events (Figure
3; Cetin et al., 2020), which have an average relative
horizontal and depth error less than 1 km. Indeed, during
the first day, only cluster “1” (corresponding to B in Figure
2) is formed along with the epicentral cluster (Figure 3a). A
gap between cluster “1” and the epicentral cluster (similar
to the one in Figure 2) is notable and has been marked by
Cetin et al. (2020). During the next days and until one week
after the mainshock, the gap between cluster “1” and the
epicentral cluster starts to fill in with new events (Figure
3b). At the same time, cluster “2” (corresponding to C in
Figure 2) started to form (Figure 3b). The much western

Figure 2. Spatiotemporal evolution of the 2020 Samos aftershock sequence (KOERI seismic catalogue). Starting from the top left, the
hypocentral distribution of the sequence is shown during October 30, 31, November 1, 2, 3–10 and 11–20. Since day 1, a second cluster,
besides the one of the mainshock, is formed just to the west. During the period November 3–10, a third poor and scattered cluster occurs
even further to the west, north of Ikaria Island. A gradual extension of the hypocentres toward the NE is also observed.
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Figure 3. Spatial distribution of the relocated Samos 2020 aftershock sequence, including 989 events with best locations: a) 1st day, b)
1st week, c) 1st month (modified from Cetin et al., 2020).
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cluster “4” (corresponding to D in Figure 2) started to form
after the first week, as well as some scattered events to the
east (group “5”) just by the Turkish coast. The maximum
depth of the relocated hypocentres is 15.8 km, with the
majority (56.5%) occurring at depths between 6 and 10 km
with a peak (16.3%) between 8 and 9 km.
Other aftershock epicentral relocations followed
afterwards (Papadimitriou et al., 2020; Foumelis et al.,
2021; Karakostas et al., 2021), all ending up, more or less,
in the same clusters recognition.
The moment tensor solutions of the sequence (Figure
1c; Altunel and Pinar, 2021, after Cetin et al., 2020) reveal
the domination of E-W-striking pure to quasi-pure normal
faulting in the epicentral cluster, with some NE-SW- /
NW-SE-striking, strike-slip exceptions implying a partial
reactivation of the adjacent NW-SE-striking KarlovasiFourni fault. In cluster B (Figure 2), or else cluster “1” in
Figure 3a, the moment tensors show mixed fault kinematics
of quasi-normal (sometimes with significant right-lateral
component) and right-lateral strike-slip (sometimes with
minor reverse component). The four focal mechanisms in
cluster C (Figure 2), or else cluster “2” in Figure 3b, are
of right-lateral strike-slip kinematics, mostly with a slight
normal component. The best fault candidate of the two
nodal planes is the NE-SW-striking one, perhaps a strand
of the Pythagorio Fault (Figure 1c).
4.2. Geological information
The 2020 Samos seismic sequence was accompanied with
several ground deformation phenomena on Samos Island.
After arriving on the island few days after the mainshock,
ground ruptures were observed in Aghios Nikolaos area
(northern part of the island), where the E-W-trending,
almost linear coastline ends (Figure 4). The ruptures, all
of dilatational character, show horizontal and vertical
offset of several centimetres. We tracked them in the fields,
on the roads and on slopes. They demonstrate a gradual
change in their strike, starting from N35°E to the NNW
and reaching N70°E ca. 500 m to the SSW. This direction
is similar to the Fourni fault (Figures 1 and 4a) which runs
along the coastline of the northwestern part of the island.
These ruptures could be either directly related to the
Fourni fault, or they can be considered as minor effects of a
transition zone between the Kaystrios offshore fault and the
Fourni fault. A long fissure was also observed in an active
landslide near Kontakaiika village. The village is built on
conglomerates saturated with water, causing a preexisting,
but active landslide with ground deformation phenomena
such as fissures. Most of these fissures were further
expanded due to the ground shake of the 2020 sequence. In
Aghios Nikolaos area, local residents described a tsunami
occurrence, as well as whirlpools near the coast which also
rotated whitish fine-grained material probably discharged
from the sea bottom. Ground ruptures in the same area

were observed by other researchers as well (Mavroulis et
al., 2021). We also recorded earthquake-triggered slope
failures (rockfalls and landslides) blocking the local road
network, most located on the footwall of Kaystrios fault.
The slope failure near Avlakia (Figures 4a and 4e) occurred
on a steep slope of a NW-SE orientated low ridge consisting
of steeply NW-dipping Miocene marls. Although we had
no access to the southwestern side of the ridge, there is a
strong suspicion that the valley that follows is tectonically
controlled. This fault can be either related to the KokkariAvlakia fault shown in Figure 4a, or it can be considered a
strand of the offshore Kaystrios fault.
According to other research teams, a liquefaction
phenomenon was observed on the shore, near Vathy
(Figure 4a; Vadaloukas et al., 2020) and several tsunami
occurrences at various places along the island’s coastline
(Figure 4a; Triantafyllou et al., 2021). Uplift markers were
found all along the coast of Samos Island with maximum
values observed on the northwestern coast and especially
at the Aghios Isidoros cove (30 cm uplift) (Figure 4a;
Evelpidou et al., 2021; Mavroulis et al., 2021).
Regarding the western Turkey coast, tsunami
occurrences were observed in the wider Çeşme region
(Yalciner et al., 2020; Aksoy, 2021), mainly documented
by extended inundation phenomena, with a maximum
estimated distance of 320 m (Yalciner et al., 2020).
Moreover, in the same area, seismic soil liquefaction and
induced ground failures are also recorded (Cetin et al.,
2020).
4.3. Geodetic information
4.3.1. GPS/GNSS data analysis
The satellite geodetic methods, relying on GPS/GNSS
data, are significant for the analysis and estimations of
co-seismic displacements, caused by strong earthquakes.
Our analysis includes 38 GPS/GNSS sites; 10 of them are
located close to the seismic event. Data analysis was based
on 30-s daily GPS/GNSS observations, characterized by 10°
elevation cut-off angle for a short time-period, before and
after the earthquake occurrence, while they were retrieved
from different permanent networks, such as HermesNet
of Auth (Fotiou et al., 2010), HxGn-SmartNet Greece,
Uranus, EPN/Euref and Turkish National Permanent RTK
Network. In order to estimate the co-seismic displacements
6-days data before (24–29 October 2020) and 4-days data
after (31 October–03 November 2020) the seismic event
were processed. The process was executed, implementing
the scientific GAMIT/GLOBK package (Herring et al.,
2015) in a three-step approach.
Initially, a network positioning approach is followed,
in which the baselines between all observed stations are
simultaneously estimated; this method is also applied
for estimating satellite orbits and Earth orientation
parameters (EOP) from GNSS reference stations. In our
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Figure 4. (a) Topographic map of Samos Island showing the on land active and potentially active faults after Mountrakis et al. (2003;
2006) and Chatzipetros et al. (2013), reassessed in this study, and the coseismic effects of the 2020 Samos earthquake: the observed
ground ruptures and the landslide fissure are from this study, the tsunami locations are from Triantafyllou et al. (2021), and the
liquefaction phenomenon near Vathy is after Vadaloukas et al. (2020). (b) Phtotomosaic after the Hellenic Cadastre showing the ground
ruptures observed in this area. The location is located on the map (a). (c, d) Ground ruptures. In (c) a cement block was ruptured as well
in a greenhouse. (d) Photo taken by an UAV, showing the earthquake -induced slope failure.

processing schema, we utilize precise orbits from the
International GNSS Service (IGS) and absolute calibration
values from IGS tables, in order to model the receiver
and satellite antenna phase centre variation. Then, the
individual loosely constrained estimates are imposed and
the reference frame definition is implemented, using inner
constraints to coordinates and their velocities in 9 IGS
stations. The daily position estimates were applied in the
current realization of the ITRF-NNR frame (ITRF2014).
Finally, we estimate the coseismic displacements, based on
the analysis of the GPS/GNSS daily position time-series.
For the purposes of this study, the spatial displacement
vectors were estimated for the referred ECEF system, in
which SAMOS permanent station is located at the NW
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part of the Island and nearest to earthquake epicentre; the
estimated value is 38.58 cm and it is considered as a rather
high value. The next step includes the calculation of the
average position per topocentric component (N, E, Up) for
the period (before and after the earthquake), as well as the
differences between these datasets. The extracted results of
the closest to the earthquake epicentre stations are shown
in Table 1.
The horizontal co-seismic displacements are shown
in Figure 5. It worth mentioning that the daily positions
results show high accuracy, with lower uncertainties values
in the horizontal and vertical components (±0.5 and ±2
mm, respectively), highlighting the advanced processing
scenario of the geodetic data.
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Table 1. The GPS stations to which the measured and modelled values of the 2020 Samos earthquake correspond.
GPS displacement values

Modelled displacement values

Station

Longitude

Latitude

Easting
(cm)

Northing
(cm)

Upwarding
(cm)

Easting
(cm)

Northing
(cm)

Upwarding
(cm)

SAMO

26.705

37.793

–5.90

–36.90

8.40

–4.98

–36.63

13.41

IZMI

27.082

38.395

1.60

3.40

0.20

0.57

3.08

–0.14

CESM

26.373

38.304

–1.20

5.20

0.20

–0.38

1.35

0.14

CHIO

26.127

38.368

–0.40

2.00

0.50

–0.19

0.62

0.14

DIDI

27.269

37.372

–0.10

–0.80

0.40

0.82

–2.74

0.13

IKAR

26.224

37.628

–1.20

–3.30

0.50

–0.65

–0.95

0.46

LERO

26.855

37.136

0.00

–2.00

–0.80

–0.13

–2.43

–0.15

XIOS

26.136

38.367

–0.50

2.10

0.10

–0.19

0.64

0.14

KALY

26.962

36.962

0.50

–1.20

–0.40

0.02

–1.57

–0.13

AYD1

27.838

37.841

0.00

0.30

0.10

–0.09

0.05

0.37

Figure 5. Measured and modelled horizontal coseismic displacements for the nearest GNSS stations to EQ epicentre (see also Table 1).
The modelled 2020 Samos mainshock source (see also Table 2) is represented by the yellowish rectangular (vertical projection of the
fault plane on the map and red thick line its upper part).
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Several InSAR images have been also published
(Papadimitriou et al., 2020; Foumelis et al., 2021; Ganas
et al., 2021; Mavroulis et al., 2021) showing clear uplift
of the north-northwestern coast of Samos Island and an
abrupt change from uplift to subsidence near the centralnorthern coast, implying the possible emergence of the
fault rupture, or a strand of it, on land. In other words, it
is strongly supported that the rupture reached the surface
and that was not very far from the coastline.
5. Fault modelling
5.1. The 2020 Samos seismic source
The modelling of the mainshock-fault (seismic source)
is mostly based on the available seismological data. Its
location is set by combining its morphological imprint
along the northern coastline of Samos Island, the
hypocentre (both horizontal location and depth), and the
aftershock spatial distribution of both catalogues (KOERI;
Cetin et al., 2020). Although primary ground ruptures
were not observed on land, based on the earthquake
magnitude and the hypocentral depth, the rupture should
have reached the seafloor, thus 0 is set as minimum fault
depth. Dimensions (Length and Width) are calculated by
the scaling relationships of Wells and Coppersmith (1994)
of Magnitude versus Length and Magnitude versus Width.
Geometry (strike and dip), as well as kinematics (rake), are
obtained from the KOERI focal mechanism.
We tested our seismic source by comparing the
modelled dislocation components, after applying Okada’s
(1992) dislocation solution formulae, with the measured
GPS dislocations. According to Table 1 and Figure 5, the
results show almost identical horizontal resultant direction
in almost all cases with some magnitude discrepancies.
Nevertheless, at the station on Samos Island (SAMO) both
direction and magnitude of the horizontal resultant are very
similar, adding confidence to our model. The recordings of
the distant stations contain many imponderables due to
the heterogeneous medium between the source and each
station (the Okada model applies on a uniform elastic halfspace).
Other proposed fault models place the fault plane more
to the west. The model of Ganas et al. (2020) is based only
on geodetic data inversion, suggesting a minimum fault
depth at 0.9 km (blind fault) with fault plane dimensions
of 40 ± 3 km length and 15 ± 3 km width. A strike of 276°
and a dip of 37° are the rest geometric attributes. The
model of Karakostas et al. (2021) is based on seismological
data and specifically on slip inversion. Both models
extend in the gap formed between clusters A and B of
KOERI’s spatial distribution (Figure 2), or between main
epicentral cluster and cluster “1” of Cetin’s et al. (2020)
spatial distribution (Figure 3), whereas our model extends
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mostly along the main epicentral cluster. Four different
fault models, based on four different focal mechanisms,
are proposed by Foumelis et al. (2021). All four models
diverge rather significantly from the quasi-E-W direction
proposed in our and the other two models. The authors
modelled the surficial displacement by the four fault
models and compared it with their InSAR images. Various
rupture (fault) models have been also proposed by Akkar
et al. (2021), based on various published moment tensor
solutions and fault models, taking into consideration
other seismotectonic attributes. A seismologically induced
fault model has been proposed by Vallianatos and Pavlou
(2021) and the USGS (https://earthquake.usgs.gov/
earthquakes/eventpage/us7000c7y0/executive, visited on
July 18, 2021). In fact, the latter proposed a south dipping
finite model. The closest fault model to ours is the one
proposed by Chousianitis and Konca (2021). The authors
used joint slip inversion to reach to their model, which
differs slightly in geometry and dimensions. It is obvious
that numerous fault models can be proposed depending
on the methodology applied. Our model, combining
seismological, geodetic and geological information, aims
at giving another perspective from most of the other ones
above, which show significant differences in most of their
parameters, The big resemblance of our model with the
one of Chousianitis and Konca (2021), each using different
approach of modelling, gives more confidence to ours.
5.2. Modelling of surrounding faults
In order to better calculate the stress changes on each
surrounding fault, or other similar ones, in the area of
interest, we also proceeded with fault modelling. Twelve
(12) significant faults are recognized in the area according
to the available literature (Figure 1, Table 2). Some of
these faults have been associated with past earthquakes,
most of them with rather high confidence. For the
modelling we used all available information from existing
active fault databases and map-series (e.g., Mountrakis
et al., 2006; Emre and Özalp, 2011; Emre et al., 2011;
Duman et al., 2011; Caputo and Pavlides, 2013; Emre et
al., 2018), published morphotectonic-neotectonic and
seismotectonic investigations, and focal mechanisms from
databases (e.g., RCMT, Pondrelli et al., 2011) and articles
(e.g., McKenzie, 1972; Kiratzi and Louvari, 2003). In Table
2, all parametric information and associated references are
shown for the fault models that are used in the Coulomb
stress calculations. It must be mentioned that maximum
expected magnitude is estimated by the rupture surface
area (SA) versus magnitude scaling relationships of Wells
and Coppersmith (1994). Following this approach for the
earthquake-related faults, besides the Priene-Sazlı Fault,
all the others are considered to have higher potential than
the past recorded events.
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Table 2. Seismic sources/fault models and their parametric information in the broader epicentral area of the 2020 Samos earthquake.
Reference keys: 1: GreDaSS; Sboras (2011); 2: Emre et al. (2018); 3: Chatzipetros et al. (2013); 4: McKenzie (1972); 5: Kiratzi and Louvari
(2003); 6: Benetatos et al. (2006); 7: Altinok et al. (2005); 8: Mountrakis et al. (2003; 2006); 9: Pavlides et al. (2009); 10: Karakaisis et al.
(2010); 11: Altunel (1998); 12: Yolsal-Çevikbilen et al. (2014); 13: Mozafari et al. (2019); 14: Topal (2019); 15: Gürer et al. (2001); 16:
Yönlü et al. (2010); 17: Sümer et al. (2013); 18: Ocakoğlu et al. (2005); 19: Genç et al. (2001); 20: Sözbilir et al. (2011); 21: Uzel et al.
(2013); 22: Uzel et al. (2012); 23: Aksu et al. (1987); 24: Hancock and Barka (1987); 25: Stewart and Hancock (1988; 1991); 26: Tan et
al. (2014).

Fault name

Length
(km)

Width
(km)

Top
depth
(km)

Strike
Rake
Dip (°)
(°)
(°)

Max
expected
magnitude

Associated EQ

Kaystrios

39.0

19.5

0.0

272

55

–93

6.9

30/10/2020, Mw6.9-7.0
See main text
2/4/1996, Mw5.3 (?)

Karlovasi-Fourni

30.0

10.0

0.0

225

50

–140

6.5

1, 8, 9

Pythagorio

32.0

17.0

0.0

96

45

–90

6.7

1, 8, 9, 10, 26

Ikaria

References

23.0

13.5

0.0

234

55

–130

6.5

1, 3, 9

Kuşadası (Yavansu) 23.0

13.5

0.0

76

60

–110

6.5

1, 2, 24, 25

İncirliova

32.0

17.0

0.0

100

60

–85

6.7

1, 2, 24, 25

Priene-Sazlı

33.0

17.5

0.0

55

51

–133

6.8

16/7/1955, Mw6.8

1, 2, 4, 10, 11, 13,
14, 15, 16, 17

Chios-Çeşme

39.0

19.5

0.0

92

48

–92

6.9

3/4/1881, Mw6.5

1, 7, 9, 18

Karaburun

35.0

11.0

0.0

3

80

180

6.6

Sığacık

38.0

11.0

0.0

228

79

–171

6.7

17/10/2005, Mw5.8

1, 6, 12, 21

Tuzla

33.0

10.5

0.0

53

77

166

6.6

6/11/1992, Mw6.0

1, 2, 10, 18, 19, 21

Karareis

19.0

11.5

0.0

116

60

–90

6.3

6/4/1969, Mw5.9

1, 4, 21

İzmir

22.0

13.0

0.0

257

65

–110

6.4

6. Static stress changes
The Coulomb failure criterion (Δσf = Δτ + μ΄ ⋅ Δσn, where
Δτs is the shear stress change on the failure plane, μ΄ is the
friction coefficient and Δσn is the normal stress change)
can be used to calculate the static stress changes on
surrounding faults after the rupture of a seismic source
and evaluate trigger or delay effects. The Coulomb stress
changes are highly sensitive to the parameterization of the
source-fault and dependent on three specific parameters
(strike, dip and rake) of the receiver-fault. This means
that the more well-defined the seismic fault is, the more
confident the Coulomb stress change results are.
In this paper, we study the effects of (i) the 2020 Samos
mainshock effects in the aftershock sequence (in-sequence
effects) using faults of similar geometry and kinematics as
receiver faults, and (ii) the 2020 Samos mainshock effects
on the surrounding faults (postsequence effects).
6.1. In-sequence effects
To better understand the spatiotemporal aftershock
evolution and the clusters formation of the 2020 Samos
sequence in terms of stress changes, we used both the
data of the KOERI seismic catalogue, for the time period

1, 2, 18, 21, 23

1, 2, 20, 21, 22

October 30 – November 30, and of the relocated catalogue
of Cetin et al. (2020), for the time period October 30 –
December 1. In Figure 6, we calculated the Coulomb stress
changes at a depth of 9 km for both cases, which is near to
the relocated hypocentral depth of the mainshock (Cetin
et al., 2020). For receiver faults, we used the attributes
(geometry and kinematics) of the seismic source.
Although the KOERI seismic catalogue is richer, the
spatial distribution is rather poor in accuracy (as already
expected), forming an artificial high concentration
lineament at the depth of 5 km (Figure 6, top). However,
the bulk of the hypocentres is gathered around the fault
plane within the stress-drop (blue) area created by the stress
relief after the rupture. The two clusters (B and C according
to Figure 2, or “1” and “2” in Figure 3, respectively) are
situated in different stress regimes: Cluster B/“1” is located
in a stress-rise area. However, as it will be discussed below,
this cluster can be also ascribed to the adjacent KarlovasiFourni Fault and be associated with the ground ruptures
that were observed near Agios Nikolaos area (Figures
4a–4d). The other cluster (C/“2”) is probably produced by
a minor strike-slip fault, as mentioned before. Thus, with
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Figure 6. Coulomb static stress changes for the 2020 Samos aftershock sequence investigation (in-sequence effects) using the seismic
catalogue of KOERI (top) and the relocated catalogue of Cetin et al. (2020) (bottom). The mainshock rupture model (seismic source)
is the red rectangular (vertical projection of the fault plane on the map) and the green line is its upper part. Read main text for further
explanations.
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such a different receiver fault, the specific Coulomb stress
change calculation does not apply for this case.
The relocated hypocentral distribution in the stress
change field (Figure 6, bottom) gives a much better picture
of the aftershock sequence development. The hypocentres
around the mainshock fault plane are denser concentrated
and they are all located in the stress-drop zone where the
rupture of the fault plane took place. The interpretation
of the two aforementioned clusters in the previous case
remains the same. However, the hypocentres that fill in the
gap between cluster B/“1” and the epicentral cluster (A)
occur in the highest stress-rise and can be ascribed to a
possible western extension of the main fault rupture.
6.2. Postsequence effects
The state of stress after the 2020 rupture depends on the
attributes (geometry and kinematics) of the receiver fault.
For this reason, the Coulomb stress change was calculated
for each recognized fault of the total twelve in the broader
epicentral area (Table 2; Figure 7). For a down in-depth
visualisation of the receiver faults position, we modelled
the faults as mentioned previously. The calculation depth
of the horizontal sections varies, based on the maximum
depth that each receiver fault reaches. We set an appropriate
depth in order to cross the deepest part of each receiver
fault, where a possible rupture nucleation is expected to
occur.
The results (Figure 7) show that three faults (İncirliova,
Priene-Sazlı and Karareis faults) are not or negligibly
affected by any stress change. The Karlovasi-Fourni fault,
which is immediately west of the Kaystrios source fault,
lies entirely in the stress-rise (red) area. In this area, the
aftershock cluster “B”/“1”, with the mixed nearly normal
and strike-slip moment tensor solutions, also lies (Figures
1–3). Other faults that are located in stress-rise (red)
areas are the Kuşadası (Yavansu) and the Ikaria faults
(the latter in a rather fade red area), while the ChiosÇeşme fault undergoes stress increase only towards the
deepest eastern part of the fault plane, approximately
where some aftershocks occurred during the 2 weeks in
early-mid November (Figure 2). For the rest of the faults
(Pythagorio, Karaburun, Sığacık, Tuzla and İzmir) stress
drop is observed.
7. Summary and conclusion
The October 30, 2020 (Mw6.9–7.0) Samos earthquake,
besides the extended damages, life losses and injuries,
produced several secondary coseismic ground effects,
such as ground ruptures, rockfalls and limited liquefaction
phenomena. GPS/GNSS data (Figure 5) demonstrated
coseismic divergence between Samos Island and the whole
region across Chios Island, Karaburun peninsula and
İzmir (Smyrna). The aftershock spatiotemporal evolution
(Figures 2 and 3) revealed a complex pattern with few
clusters, some of which occurred delayed. The mainshock
focal mechanisms identified almost pure normal dip-

slip, E-W-striking faulting, while the aftershock focal
mechanisms not only revealed normal faulting, but
strike-slip faulting as well. A distinctive cluster west of the
epicentral area (B/“1” in Figures 2 and 3a, respectively)
consists of focal mechanisms with both kinematics,
whereas an adjoining cluster to the SE (C/“2” in Figures
2 and 3b, respectively) consists mostly of strike-slip
mechanisms.
In order to define the source of the mainshock we
combined all available seismological, geological and
geodetic data, ending up to an emerging, N-dipping,
normal dip-slip fault, just offshore and along the northern
coast of Samos Island, compared with other fault models
(Akkar et al., 2021; Foumelis et al., 2021; Ganas et al.,
2020; Karakostas et al., 2021, Vallianatos and Pavlou, 2021;
USGS), which are either located further westwards, and/
or diverging significantly from the quasi-E-W orientation
parallel to the northern coastline, or considered as a blind
fault (Ganas et al., 2020). We modelled the dislocations
on the nearby GPS/GNSS stations by applying the Okada
(1992) dislocation solution formulae and compared them
with the measured ones (Figure 5). The horizontal vectors
coincide very satisfactorily on the very near SAMO station
(Samos Island) in both direction and magnitude. On
most of the other stations, the direction fits better than
the magnitude besides İzmir where magnitude is closer,
but direction deflects more. These discrepancies at the
distant stations can be justified by the fact that modelled
dislocations are calculated in a homogeneous elastic halfspace (a condition never existing in nature) and that the
aftershock sequence, which contributes to the cumulative
deformation of the area, does not participate in the
calculations.
Two cases of Coulomb static stress changes were
considered in our study: the effects of the mainshock
rupture (i) during the aftershock sequence (in-sequence
effects) on similar faults (Figure 6), and (ii) on twelve (12)
surrounding faults (postsequence effects) which are also
modelled for better visualisation (Figure 7). In case (i),
stress-rise areas can explain the occurrence of cluster B/“1”
as a western extension of the ruptured fault (Figure 6), also
supported by the normal, E-W-striking focal mechanisms
(Figure 1). On the other hand, the same cluster can be
explained by the partial reactivation of the adjacent
NE-SW-striking Karlovasi-Fourni fault (matching the
corresponding strike-slip focal mechanisms in Figure 1),
which demonstrates stress increase in case (ii) (Figure 7),
and which probably produced the ground ruptures near
Agios Nikolaos (Figures 4a–4d). Thus, cluster B/“1” must
be the result of the partial reactivation of two, very near to
each other, faults: the western part of the Kaystrios fault,
which did not follow the main rupture of the October 30
mainshock, and the northeast most part of the KarlovasiFourni fault.
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Figure 7. Coulomb static stress changes in horizontal and vertical projections after the 2020 Samos mainshock for the twelve surrounding
faults (Table 2). The mainshock rupture model (seismic source) is the red rectangular (vertical projection of the fault plane on the map)
and the green line is its upper part. The modelled receiver fault is each time represented by a black rectangular and the others in dashed
grey. Blue dashed horizontal line in profiles is the depth of the corresponding horizontal section. Read main text for further explanations.
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Cluster C/“2” (Figures 2 and 3b, respectively) is a
more problematic case. The focal mechanisms (Figure 1)
indicate the occurrence of a (preferably) NE-SW-striking
strike-slip fault which could be an eastern strand of the
Pythagorio fault. At the same time, the cluster is entirely
located in a stress-drop area in the in-sequence effects
case. Thus, it cannot be considered as part of a wider zone
around Kaystrios fault, but an individual fault. Even if we
consider it as a fault of similar geometry and kinematics
with either the Kuşadası (Yavansu) or the Priene-Sazlı fault,
the location of the cluster remains in the stress-drop area.
A similar scenario was performed by Karakostas et al.
(2021), who calculated the static stress changes pattern
for comparing it with the aftershock spatial distribution.
Since their calculations are based on a different fault model
and aftershock spatial distribution, there is no common
ground for comparing their results with ours. On the other
hand, great similarities can be observed with the results
of Chousianitis and Konca (2021), who also show that the
aftershock sequence is exclusively constrained in stress
rise areas. However, using the optimum oriented normal
receiver-faults in their calculations, instead of ours which
involves receiver faults identical to the slipped one (source
fault), Chousianitis and Konca (2021) show that the cluster
C/“2” (Figures 2 and 3b, respectively) falls entirely in a
stress-rise area, in contrast with our results which show
that the respective cluster lies in a stress-drop area and,
thus, implying a triggered reactivation of a yet unknown
smaller fault.
Concerning the postsequence effects and triggering
scenarios on the other surrounding faults, notably the
Karlovasi-Fourni and the Kuşadası (Yavansu) faults, and
less the Ikaria and Chios-Çeşme faults (the latter shows
diverse stress change along its strike), show stress increase,

matching the results of Chousianitis and Konca (2021).
The other faults show either stress-drop or negligible
stress change, matching again the results of Chousianitis
and Konca (2021), with the only exception the Karaburun
fault which in the results of the latter authors, a low and
partial stress rise is demonstrated. It must be noted that
triggering or delaying effects on nearby faults due to static
stress changes is a relative information which depends on
the state of stress in which every fault is (maturity stage)
and cannot be used to predict the time of the next rupture.
In other words, stress rise or drop can shorten or lengthen
the next rupture in the undetermined future assuming that
the crustal deformation rate remains stable and no other
earthquake will occur.
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Annex
The following diagrams shows the coordinates time series for the selected permanent GNSS stations for three days before and four days
after the seismic event.
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